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INTRODUCTION 
Muscle glycogen phosphorylase (a-1, 4-glucan: ortho­
phosphate glucosyltransferase B.C. 2.4,1.1) has been iso­
lated and characterized from various sources(l, 2, 3, 4, 5, 6, 
7, 8, 9, 10). Phosphorylase derived from rabbit skeletal 
muscle has been the most extensively investigated. This 
enzyme catalyzes the first reaction in the breakdown of 
glycogen : 
inorganic phosphate glucose-l-P 
+ + 
glycogen glycogen 
(n glucosyl residues) (n-1 glucosyl residues) 
Although the synthetic reaction is favored vitro, the 
main function of the enzyme vivo is to degrade glycogen 
(11). 
Glycogen phosphorylase from rabbit skeletal muscle has 
been isolated in two forms, _a and The two species are 
enzymatically interconvertible through the following 
phosphorylation or dephosphorylation reactions (12, 13, 14): 
phosphorylase ^  kinase 
ATP, Mg2+ 
phosphorylase b ^ phosphorylase _a 
phosphorylase phosphatase 
Phosphorylase a dimer, with a molecular weight 200,000 
(15, 15) is active only in the presence of adenosine-5-mono-
nucleotide (AMP). Phosphorylase _a, a tetramer, with a 
molecular weight of 400,000 (15, 16) is catalytically active 
without the presence of AMP. 
One of the important aspects of glycogen phosphorylase 
is the presence of covalently bound pyridoxal-5'-phosphate 
(PLP). It is well established that one mole of PLP is bound 
per monomer (100,000 g) of phosphorylase. Removal of the PLP 
under specific conditions causes the loss of enzymatic activ­
ity, and reconstitution of the apoenzyme with the cofactor 
restores the activity (17, 18), Covalent modification of PLP 
in phosphorylase ^  can be brought about by the reduction of 
the enzyme under appropriate conditions with N^BH^ (19). 
The species that is reduced is the imine between PLP and the 
-amino group of a protein lysyl residue. The most strik­
ing attribute of this reduced enzyme is the retention of 
catalytic activity. Therefore, NaBH^-reduced phosphory­
lase b is the only species among PLP enzymes that 
does not require an imine linkage between the PLP and the 
enzyme as a prerequisite for catalytic activity. Properties 
of reduced phosphorylase b have been reported to be very 
similar to the native enzyme (20), except at neutral pH 
the enzyme did not show the 333 nm absorption maximum 
typical for the native enzyme, and at low protein concen­
trations showed that is partially dissociated to monomers 
(21). Johnson et al.(22) demonstrated that the information 
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about the environment and structure of bound PLP could be 
obtained by spectral measurements on NaBH^- reduced phos-
phorylase They also showed that the spectral properties 
of reduced enzyme such as the 333 nm absorbance is a function 
of pH. 
It has been shown that both phosphorylase b and _a under­
go dissociation-association reactions which affect enzymic 
activity (23, 24, 25, 26, 27). Wang and Graves (23) found 
that phosphorylase _a can exist in two states of aggregation; 
a catalytically more active dimer and a less active tetramer. 
The formation of the monomer was first demonstrated by Madsen 
and Cori (28) by reaction of phosphorylase with PMB. Other 
methods have been used, but all these are rather stringent, 
and it had not been established whether the monomeric form 
has catalytic activity. The fact that NaBH—reduced phos­
phorylase ^  can partially form monomer upon enzyme dilution 
and other studies of its subunit structure (29) led me to 
study in more detail the association-dissociation properties 
of reduced phosphorylase h to determine whether the monomer 
species of this enzyme is catalytically active. Since most 
regulatory enzymes are composed of subunits and often under­
go reversible dissociation-association reactions, it is 
widely thought that such a general phenomenon may be a 
means by which metabolism is controlled ^  vivo. 
To further characterize the spectral properties and the 
4 
dissociation-association reactions of NgBH^—reduced phos-
phorylase _b, this thesis is concerned with the following 
goals : 
1. To determine the contribution of functional groups of 
PLP to the spectral change. 
2. To examine the correlation of spectral change and 
subunit interactions of the enzyme. 
3. To provide direct evidence that the monomer of reduced 
phosphorylase _b is catalytically active. 
4. To study the forces involved in stablization of the 
dimeric form of reduced enzyme. 
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EXPERIMENTAL 
Materials 
Native phosphorylase Crystalline phosphorylase ^  
from rabbit skeletal muscle was prepared according to a pro­
cedure of Fischer and Krebs (1958, 30). The enzyme was rou­
tinely recrystallized at least three times and made AMP-free 
by treatment with acid-washed Norit A before using. A ratio 
of absorbances (Aggg : A2gQ) of 0.54 ^  0.56 was considered 
a satisfactory indication of AMP removal. 
Apo phosphorylase Apo phosphorylase ^  was obtained 
by a method similar to Shaltiel et a_l. (1966, 18). Usually 
250 mg of native ^  was resolved with 0,4M imidazole - 0.4M 
cysteine (pH 6.0) on ice for 2^ 3 hrs. At the end of re­
solution, saturated (NH^)2S0^ (pH 6.8) was added to precip­
itate the Apo Reaction mixture was applied to a t pre-
equilibriated with O.lM-imidazole-O.lM cysteine (pH 6.0)] 
25 X 90 cm Sephadex G-25 column and eluted with the same 
buffer at room temperature. Apo phosphorylase ^  eluted 
from Sephadex G-25 was collected and dialyzed against 
O 
21 of 40mM glycerol-p-30mM g-mercaptoethanol (pH 6.8) at 0 
with two changes. The apo enzyme formed had less than 1% 
residual activity and reconstituted to 90-100% activity ob­
served with native enzyme. 
NaBH^-reduced phosphorylase _b: Reduced enzyme was 
prepared essentially as described by Graves, Sealock and 
b 
Wang (31). The third crystals of 250 mg native phosphorylase 
_b were dissolved in O.IM glycerol-P (pH 6.8) to give 10 ml of 
enzyme solution, and residual AMP was removed. Enough solid 
NaCl was added to the solution to give a final concentration 
of 1.5M, and the solution was subsequently cooled in a glass-
stopped flask to -5® in a refrigerated bath of water-ethylene 
glycol. After the enzyme solution had turned a bright yellow 
color, small crystals of NaBH^ (1 to 3 mg) were added with 
gentle stirring. This immediately bleached the yellow color, 
which slowly returned after about 15 minutes. At this time 
another addition of NaBH^ was made. Usually a total of 
three to four additions were required at 15-min. intervals 
to give a colorless final solution. After reaction was com­
pleted, 40 ml of 0.04M glycerol—p-0,03]X! g-mercaptoethanol at 
pH 5.8 were added; this was followed by 50 ml of neutral, 
saturated to precipitate the enzyme. The pre­
cipitate was centrifuged in the cold, dissolved in the 
glycerol-P-6-mercaptoethanol buffer, and dialyzed against 
this buffer overnight. 
Pyridoxal 5'-phosphate analogues; The analogues of 
PLP used in this work were kind gifts from the laboratory 
of Dr. David E. Metzler of Iowa State University. Pyridoxal 
5'-phosphate was obtained from the Sigma Chemical Company. 
The names and structures of the analogues are shown in 
Fig, 1. 
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I R=-P0-H 
3 2 
Il R=-CH^COOH 
Fig. 1. Naines and structures of analogues. 
1 L-(4-formYl-3-hydroxy—2—methyl) 
pyrldyIrripthy 1-phosphoric acid 
II Carboxymethyl-deoxypyridoxal 
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Analogue reconstitued N^BH^-reduced phosphorylase h: 
Apo ^  was reconstituted with 10 fold excess of the analogues 
at 37®C for 2 hrs, and then dialyzed in the cold to remove 
free analogues. Analogue reconstituted enzymes were reduced 
with N^BH^ as described. 
Chemicals: Dipotassium glucose 1-phosphate and AMP 
were purchased from Calbiochem. Shellfish glycogen was a 
product of Sigma Chemical Company. Imidazole was obtained 
from the Sigma Chemical Company, it was recrystallized from 
ethyl acetate and dried under reduced pressure. Formamide, 
99%, was purchased from Matheson, Coleman and Bell. For 
spectral studies, formamide was further purified by dis­
tillation at reduced pressure. Amylodextrin, DPg^, was a 
gift from Dr. John Robyt of Iowa State University. All 
other chemicals were obtained from commercial sources and 
were reagent grade. 
Methods 
Ultraviolet absorption spectra were recorded on a Gary 
model 15 spectrophotometer. Circular dichroism spectra 
were taken on a Jasco dichrograph. The CD spectra that are 
presented were obtained by drawing smooth curves through 
the traces and base-line, and then replotting the data 
every 5 nm and drawing a smooth curve through the points. 
Ultracentrifugal runs were performed on a Spinco model E 
analytical ultracentrifuge. The sedimentation velocity 
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runs were carried out at 50,000 rpm with a Spinco AND 2294 
rotor. A normal cell and a wedge cell were used separately 
or together depending upon experimental condition. The 
sedimentation coefficients were determined with the aid of 
a Nikon model 6C Micro Comparater. The sedimentation 
coefficients also were corrected for density and viscosity 
for buffer and formamide. The sedimentation equilibrium 
runs were carried out at 12,000 rpm with Yphantis cells (32) 
and analyzed as described by Richards and Schachman (33). 
Phosphorylase was assayed in the direction of glycogen 
synthesis by the method of Illingworth and Cori (34). Pro­
tein concentration was determined spectrophotometrically 
at 280 nm with an absorbance index of 13.0 for a 1% solu­
tion of protein (35). 
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RESULTS 
Spectral Properties 
Fig. 2 shows the UV spectrum of a particular NaBH^-
reduced phosphorylase b preparation at pH 5.8 and pH 4.6. 
Although no absorbance at 333 nm is seen at pH 6.8, a 333 nm 
band appears upon acidification. Addition of guanidine HCl 
can also cause the appearance of this band. These data were 
interpreted by Johnsdh et al.(22), to mean that the form 
which has an absorbance maximum at 333 nm and the species* 
where enzyme bound PLP absorbs below 300 nm represent 
different enzyme conformations. The form at pH 5.8 is 
thought to be a neutral tautomer (Structure 1), and the 
333 nm species a dipolar form (Structure 2). 
Prof in 
LYS 
I 
NH 
I 
CHg 
I. 290 nm 
I ' 
P rotein 
2. 333 nm 
Johnson et al.(22 )  called this species that absorbs 
below 300 nm a hidden band form because it absorbs light 
in the wavelength region where the protein absorbs and is 
therefore difficult to detect. 
UV spectrum of NaBH^-reduced phosphorylase 
at pH 5.8 and pH 4.6. 
Solid curve, reduced phosphorylase b 
(13.3 mg/ml) in 40mM glycerol—P-30iiiM 
6-mercaptoethanol at pH 6.8. Dash curve, 
reduced phosphorylase b (13.3 mg/ml) in 
40mM glycerol-P-30mM 3-mercaptoethanol 
at pH 4.6. 
lib 
0 6 
0 4  
330 350 370 390 
inm) 
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On the basis of absorption and circular dichroism 
studies with native and N^BH^-reduced phosphorylase b, 
Johnson et al.(22) postulated that PLP in phosphorylase is 
embedded in a hydrophobic environment. The neutral tautomer 
(Structure 1) species is favored in solvents less polar than 
water and should absorb around 290 nm. An enzyme conforma­
tional change could then bring this species into contact 
with a more polar environment, which would result in the 
formation of the zwitter ionic species (Structure 2). A 
model compound which resembles the enzyme bound PLP of 
N^BH^-reduced phosphorylase was synthesized to investigate 
the hypothesis postulated by Johnson et al.(22). PLP 
(900 mg) was reacted with 10 ml of highly purified n-
butylamine in 30 ml of absolute methanol at room tempera­
ture for three hours. Reduction of this PLP derivative 
was accomplished by three additions of N^BH^ (50 mg per 
addition). High voltage electrophoresis was used to sepa­
rate the PLP derivative, n-butylamine and unreacted PLP. 
Using octyl alcohol and absolute methanol (2 : 1), a white 
crystalline material was obtained. The PLP derivative 
used in this work was recrystallized at least once. The 
purity of N-(5'-phosphopyridoxy)-n-butylamine (PPB) was 
judged by the criterion of high voltage electrophoresis 
and absorption data. 
The determination of the pK^'s of PPB was done to 
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correlate the spectral changes with the ionization states of 
the compound.* Fig. 3. shows spectra and the pK^'s of this 
model compound. The structural formulae for the compound at 
different pH's are given in Scheme I. 
* H* 
^R, 
3 
H^P 
f 
CH. 
-H* 
PK=@ 5 
H P 
li 
Ô 
Ô 
X 
Sch6fT) 6  I .  — i  
$ 
This work was collaborated with the group of Dr. D. S. 
Metzler at Iowa State University, 
Pig. 3. Spectrophotometric titration of N-
(5'-phosphopyridoxy) n-butylamine 
Compound concentration was 1 X 10"^M. 
22.50  25 .00  27 .50  30 .00  32  
WAVELENGTH (NM) 
« 
H 
T 
35.00  
IxIO* \ 
37.50  
Absorption spectrum of N-CS'-phosphopyridoxy) 
n-butylamine. 
—4 Compound concentration was 1 X 10 M and the 
solvent mixtures contained the indicated per­
centage of DMSO (by volume). 
15 b 
0-6 
0-4 
% DMSO 
4 40 
0-2 
270 290 3»0  ^ 330 350 370 390 
x(nrn) 
16 
Fig, 4. shows the absorption spectrum of PPB in solutions 
containing different amounts of DMSO. It is clear that in 
100% DMSO, no absorbance around 330 nm is seen but has a 
strong absorption band centered at 287 nm is present. The 
transition of 28 7 nm and 330 nm is influenced by the 
polarity of the solvent. As the DMSO content decreases, a 
decrement of absorption at 28 7 nm and an increment at 330 nm 
occurs. The species absorbs in the 290 nm region is a neu­
tral tautomer which is favored in solvents with low dielec­
tric constant. These results are consistent with the early 
hypothesis of Johnson _et al. (22) that the PLP in reduced-
phosphorylase is embedded in a hydrophobic pocket. 
In order to understand the spectral transition of phos-
phorylase _b and determine whether these changes could be re­
lated to ionization states of the model compound, spectro-
photometric titrations of enzyme were carried out. In Fig. 
5A. the titration plot of reduced phosphorylase ^  shows a 
A "—A. 
mid-point of 6.1. A log . ° ^ vs pH plot was made 
obs~ min 
according to the following equation: 
A 
max obs 
n(pH) = pK + log 
a Aobs-Amin 
n and pK^ can be obtained from the slope and the mid-point of 
the plot respectively. Fig, 5B. shows a n of 1,92, These 
data can be interpreted to mean that 2 protons are 
simultaneously dissociating in the transition and could 
Pig. 5, Spectrophotometric titration of NaBH^-reduced 
phosphorylase b as a function of pH. 
Enzyme concentration was 10 mg/ml. 333nm 
absorbance at most acidic pH was taken as A 
max 
and absorbance at most basic pH was considered 
^min. A; plot of vs pH. 
B; plot of vs pH. 
Aobs-Amin 
Fig. 5A 
0 4 
E 
e 
lO 
K) 
lO 
Û 
o 
<3 
0 2 
0  
55  
I  I  I  • 
GO 65 70 
pH 
NaBH, REDUCED PHOSPHORYLASE b Fig. 5B 
2 . 0  
to 
0 
c 1 
X 
« 
E 
< 
ee 
«C 
I 
to jQ 
O 
< 
1  . 0  
o 
o 
-1 .0 
HO. 
CH3 N 
SLOPE = 1.92 
5.0 5.5 
Fig. 5 (continued) 
6 . 0  6.5 
PH 
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reflect homotropic interactions of the two pyridoxal phos­
phate sites in the protein. The titration plot could 
reflect ionization of pyridoxal phosphate, protin, or both. 
Fluorescence studies of reduced phosphorylase _b by Cortijo 
and Shaltiel (36), showed that transition occurs with a mid­
point of 5.0. Using pH kinetics, Chao and Graves (37) 
suggested that a group with a pK^ of approximately 5.2 is 
important for substrate binding and catalysis. The phos-
phoryl group of pyridoxal phosphate has a pK^ of approxi­
mately 6.2 and it has been suggested that its ionization 
might trigger a conformational change that is important for 
spectral change, fluorescence, and enzyme activity. In order 
to determine whether the phosphoryl group of PLP is im­
portant for the spectrophotometric transition, studies were 
made with two different Bg analogs reduced to phosphorylase 
with Fig. 5. and 7. show the results obtained with 
these analogs. One analog (Fig. 5.) contains a propionic 
acid side chain and the other (Fig. 7.) a methyl phosphonic 
acid substituent. Titration plots for both analogs gave 
mid-points of 5.4 and were monotonie. These data suggest 
that spectral transition observed with PLP reduced to phos­
phorylase is not linked to an ionization of the phosphoryl 
group. Ultracentrifugation of enzyme forms obtained by 
N^BH^ reduction of PLP and the two analogs were made. These 
results are shown in the Fig. 8. The reduced PLP form 
Fig. 6. Spectrophotometric titration of NaBH. 
reduced CMDPL phosphorylase b. 
Enzyme concentration was 10 mg/ml. 
A; plot of vs pH. 
B: plot of log obs 
obs~ min 
0 3 
Fig. 6A 
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Fig, 7. Spectrophotometric titration of N BH.-
PMPA phosphorylase 
Enzyme concentration was 10 mg/ml. 
A; plot of vs pH, 
B: plot of log vs pH. 
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Fig. 8. Ultracentrifugation patterns of NgBH^-reduced 
PLP, CMDPL and PMPA phosphorylase 
Enzymes were incubated in 40m]yi glycerol-P-SOmM 
3-mercaptoethanol (pH 5.0) at 24° for 2 hors, 
a. PLPrenzyme (5 mg/ml); b. CMDPL:enzyme 
(5 mg/ml); c. PMPA:enzyme (5 mg/ml). Pictures 
were taken at 40 minutes after attainment of 
full speed at 52,000 rpm. Direction of the 
sedimentation was from left to right. 
24b 
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(Fig. 8a) sediments as a dimer, whereas the phosphonate 
analog (Fig. 8b) and the carboxyl derivative (Fig. 8c) show 
considerable dissociation. Differences seen in the dK 's 
* a 
and slopes of titration plots are probably a reflection of 
these differences in association-dissociation. 
Association-Dissociation Properties 
A particular interesting physical property of NaBH^-
reduced phosphorylase ^  is that it partially dissociates ro 
a monomer upon dilution whereas native phosphorylase ^  does 
not. Thus, N^BH^-reduced phosphorylase was chosen in this 
work to investigate the role of the monomeric form of phos­
phorylase in catalysis. Mild conditions were sought to 
bring about enzyme dissociation at enzyme concentrations 
(several mg/ml) where physical measurements could easily be 
carried out. Ultracentrifugal studies showed that NaBH^-
reduced phosphorylase ^  is sensitive to low concentrations 
of formamide, whereas native phosphorylase b is not. This is 
illustrated in Fig. 9. (insert); the reduced enzyme after 1 
hour of incubation with formamide has an Sgg ^  of 5.6 S, and 
the native enzyme has an of 8.4 S. These constants 
J w 
correspond to values previously determined for monomeric and 
dimeric forms of the enzyme (23, 12) and thus suggest that 
dissociation of the reduced enzyme has occurred. The effect 
on enzyme activity also is seen in Fig. 9. NaBH^-reduced 
enzyme, upon incubation with 6.7% formamide, shows a 
25 
time-dependent change of enzymic activity, and after several 
hours, it has approximately 30% of the activity of enzyme 
not incubated with formamide. 
The possible relationship between change of enzyme 
activity and alteration of subunit structure was further 
examined by testing the effects of different concentrations 
of formamide on NaBH^-reduced phosphorylase b. Fig. lOA. 
illustrates the time courses of inactivation and shows that 
the extent of change of enzymic activity depends upon for­
mamide concentration. Ultracentrifugal measurements 
(Fig. lOB) likewise show that change in the sedimentation 
pattern is a function of formamide concentration. In the 
absence of formamide, reduced phosphorylase ^  at pH 6.2 
(picture A) sediments mainly as a dimer (S20 ^  = 8.4 S). A 
small amount of a slower sedirnenting component is also present 
in (A), indicating that dissociation of NaBH^-reduced phos­
phorylase is occurring to some extent in the absence of for­
mamide. In the presence of 2.5% formamide (B), two distinct 
species are present with S^q ^ of 5.6 S and an 8.4 S. At 5% 
formamide, one broad peak is seen with an S^Q ^ of 6.55 S (C). 
At 6.7% formamide (D) only the 5.6 S species is present. 
These data (Fig. lOA & lOB), therefore, indicate that the 
extent to which activity is altered is related to the degree 
to which the subunit structure of NaBH^-reduced phosphorylase 
is modified. 
To test whether the effect of formamide on reduced 
Fig. 9. Effect of formamide on activity and ultra-
centrifugal properties of native and reduced 
phosphorylase 
Native phosphorylase _b (•) and NaBH^-reduced 
phosphorylase b (0) were incubated in 80mM 
glycerol-P-60mM B-mercaptoethanol and 6,7% 
formamide (pH 6.2) at 24°. At various times 
aliquots were removed and tested for enzymic 
activity at 24® with 0.4% glycogen, 30mM 
glucose-l-p, O.lmM AMP, and 6.7% formamide at 
PH 5.2. Activity of phosphorylase in the ab­
sence of formamide is taken as 100%. For 
native and NaBH^-reduced phosphorylase, spe­
cific activities are 9.8 and 5.3 ymoles/min/mg, 
respectively. For ultracentrifugation, enzymes 
were incubated in the above buffer for l3g hours 
containing 5.7% formamide. Upper curve, native 
phosphorylase b (3.4 mg/ml); lower curve, NaBH^-
reduced phosphorylase ^  (4 mg/ml). Pictures 
were taken at 42 minutes after attainment of 
full speed at 60,000 rpm. Direction of the 
sedimentation was from left to right. 
2 7b 
TIME (HOURS) 
Fig. lOA. Rate of inactivation of NaBH^-reduced phos­
phorylase ^  with different concentrations 
of formamide. 
N^BH^-reduced phosphorylase b was preincubated 
at 24° in 80mM glycerol-P-60mM g-mercapto-
ethanol (pH 6.2) and (•) 0. (•) 2.5%, (0) 5% 
or (Q) 6.7% formamide. Assay was done as in 
Fig. 9 with different concentrations of 
formamide. 
% ORIGINAL ACTIVITY 
qsz 
Fig. lOB. Dependence of ultracentrifugal patterns of 
NaBH^-reduced phosphorylase _b upon formamide 
concentration. 
Enzyme was preincubated at 24° for 3 hours 
in SOmM glycerol-P—SOmM B-mercaptoethanol 
with variable concentrations of formamide at 
pH 5.2 (A) 0, (B) 2.5%, (C) 5% and (D) 6.7% 
formamide. Pictures were taken at 42 minutes 
after attainment of full speed at 60,000 rpm. 
29b 
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phosphorylase ^  is reversible, enzyme was first incubated 
for one hour with 5.7% formamide and then dialyzed to remove 
it. Fig. 11. shows schlieren patterns of enzyme after one 
hour of incubation with 6.7% formamide (lower curve) and that 
obtained after dialysis (upper curve). The ^ of these 
forms, respectively, are 5.6s and 8.4s showing that the 
effect of formamide on the subunit assembly was reversible 
Before dialysis, the enzyme in formamide had 30% of the 
activity of enzyme measured in the absence of formamide. 
After its removal by dialysis, activity was restored com­
pletely to the control value. 
The molecular weight of reduced phosphorylase b in for­
mamide was determined by the sedimentation equilibrium method 
of Richards and Schachman (33). Fig. 12. shows that a con­
stant slope is found for the data, indicating no obvious 
polydispersity is present in the sample. The molecular 
weight was calculated to be 103,000, showing that dissociation 
of reduced phosphorylase _b to a monomer is complete in 6.7% 
formamide. 
The fact that reduced phosphorylase b is fully dissoci­
ated in 6.7% formamide and possesses 30% of enzymic activity 
in the test system described in Fig. 9. can be interpreted 
to mean: 1) the monomeric form of the enzyme is active; or, 
2) it is inactive, but reassociates to some degree in the 
assay to give an active dimer. Several experiments were 
Fig. 11, Effect of formamide on the ultracentrifugal 
patterns of NaBH^-reduced phosphorylase _b. 
Upper curve: enzyme (4 mg/ml) was incubated 
in 80mM glycerol-P-60mM 6-mercaptoethanol and 
6.7% formamide (pH 6.2) at 23°C. for one hour 
then dialyzed against same buffer except in 
the absence of formamide for three hours. 
Lower curve: enzyme (4 mg/ml) was incubated 
in 80mM glycerol-P-60mM 6-mercaptoethanol 5.7% 
formamide (pH 6.2) at 23°C, for one hour. 
Pictures were taken at 42 minutes after attain­
ment of full speed at 60,000 rpm. Direction of 
the sedimentation was from left to right. 
31i 
Fig. 12. Sedimentation equilibrium of NaBH^-reduced 
phosphorylase ^  in formamide. 
Enzyme (2 mg/ml) was preincubated at 17° for 
4 hours in 80mM glycerol—P-lmM g-mercaptoetha-
nol and 6.7% formamide at pH 6.2. Enzyme was 
diluted to 0.51 mg/ml with same buffer just 
before the ultracentrifugation. The experi­
ment was carried out at 11,000 rpm for 20 
hours. Logarithmic concentration (c) vs. dis­
tance from the axis of rotation (r). 
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carried out to eliminate the second possibility. Fig. 13. 
shows the specific activity as a function of enzyme concen­
tration. The plot shows that specific activity is inde­
pendent of protein concentration. ,If a nonlinear plot had 
been obtained, this would indicate the presence of two 
enzyme forms which differ in catalytic activity. The result, 
shown in the figure could also be interpreted to mean that 
all the enzyme is present as a diraer or as a monomer. If 
substrates and (or) activator promote dimer formation of 
N^BH^-reduced phosphorylase in formamide, these factors might 
be expected to change the rate or extent of inactivation of 
the enzyme in formamide. Fig. 14. shows that glucose-l-P and 
AMP do not change the time course of inactivation of 
reduced phosphorylase b by formamide. Also, after incubation 
with 6.7% formamide for 3 hours, N^BH^-reduced phosphorylase 
^ sedimented as a single species with S2Q ^ of 5.4 S in the 
presence of 30inM glucose-1—P and IrnM AMP (Fig. 15). Thus, 
dimer formation does not seem to occur in the presence of 
glucose-l-P and AMP. The effect of glycogen on the subunit 
Structure of N^BH^-reduced phosphorylase cannot be tested 
directly because of its high molecular weight, but certain 
inferences can be drawn from its effects on enzymic activity. 
If glycogen promotes the association of the monomeric form of 
phosphorylase b to a dimer, it might be expected that gly­
cogen would influence the rate and (or) extent of 
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inactivation of reduced phosphorylase in formamide. For 
Fig, 16. enzyme was incubated in 6.7% formamide in the ab­
sence and presence of 0.4% glycogen. At various intervals, 
aliquots were removed and tested for enzyme activity. No 
difference in the rate or the extent of activity loss is 
apparent suggesting that glycogen does not affect the dimer-
monomer equilibrium. 
Glycogen could not be used in ultracentrifugation 
studies because it would bind to phosphorylase and cause 
rapid sedimentation due to the high molecular weight of gly­
cogen. With the use of an alternate substrate, amylodextrin 
DPgy, however, a direct comparison was made between ultra-
centrifugal experiments and enzyme assays. The combined ef­
fects of amylodextrin, AMP and glucose—1-P on sedimentation 
patterns of N^BH^-reduced phosphorylase ^  incubated for 3 
hours with 6.7% formamide is shown in Fig. 17. The upper 
curve shows that the enzyme sedimented as a monomer (S20 
5.6 S) in the absence of substrates and activator. In the 
lower curve, the sedimentation constant, S2Q of the main 
peak is 5.4 S. The lighter component seen in the picture is 
due to free amylodextrin. Thus, these data suggest that no 
reassociation of the monomeric form of reduced phosphorylase 
b is occurring under these experimental conditions even in 
the presence of substrates and activator. With identical 
concentrations of substrates and activator, enzymic activ­
ities were measured at 25° with 1.83 mg/ml of reduced 
Fig. 13. Effect of formamide on specific activity of 
N^BH^-reduced phosphorylase jb. 
Enzyme was incubated in 80mM glycerol-6>_60mM 
$-mercaptoethanol and 6,7% formamide (pH 6.2). 
At various times, aliquots were removed and 
tested for enzymic activity with 0.4% amylo-
dextrin, 30mM glucose-l-P, ImM AMP and 6.7% 
formamide. 
SPECIFIC ACTIVITY 
(jumoles/mg/min) 
ro 
1 m 
• 
< » 
. 
• 
i t 
1 
qse 
Fig. 14. Effect of glucose-l-p and AMP on the change 
of enzymic activity of NaBH^-reduced phos-
phorylase ^  in formamide. 
Enzyme (1,3 mg/ml) was incubated at 24° for 
1 hour in the presence (0) and absence (A) 
of 30mM glucose-l-p and ImM AMPo At this time, 
formamide was added to 6.7%, and aliquots were 
removed at times indicated and tested for 
enzymic activity. Activity of both samples in 
the absence of formamide is taken as 100%. 
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Fig. 15. Effect of formamide on ultracentrifugal 
patterns of N^BH^-reduced phosphorylase 
Enzyme (3.5 mg/ml) was preincubated in SOitiM 
glycerol-p-60mM g-mercaptoethanol and 6.7% 
formamide (pH 6.2) at 24° for 3 hours. 
30mM glucose—1-p and ImM AMP were added 
before ultracentrifugation. 
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Fig. 15. Effect of glycogen on the change of enzymic 
activity of NaBH^-reduced phosphorylase ^  
in formamide. 
Enzyme (4.8 mg/ml) was incubated at 24°C. for 
one hour in the presence (0) and absence (A) 
of 0.4% glycogen. At this time, formamide 
was added to 5.7%, and aliquots were removed 
at times indicated and tested for enzymic 
activity with 0.4% glycogen, 30mM glucose-l-p, 
and ImM AMP. Activity of both samples in the 
absence of formamide is taken as 100%. Spe­
cific activity equals 11.1 p.moles/min/mg. 
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Fig. 17. Effect of formamide on ultracentrifugal 
patterns of NaBH^-reduced phosphorylase 
Enzyme (3.0 mg/ml) was incubated with 80mM-
glycerol-p-60mM 6-mercaptoethanol and 6.7% 
formamide (pH 5.2) for 3 hours. Upper curve: 
no addition of substrates and activator; lower 
curve: 30mM glucose-1—P, 0.9% amylodextrin 
DPgy and ImM AMP. 
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phosphorylase Before incubation, a specific activity of 
6.9 Umoles/min.mg was obtained, and after exposure to 6.7% 
formamide, specific activity dropped approximately 85% after 
1 hour and was essentially constant for several hours (Fig. 
18). Amylodextrin has a lower affinity (approximately 
50% compared with glycogen) toward N^BH^-reduced phosphory­
lase This might explain why the enzymic specific activ­
ity of N^BH^-reduced phosphorylase b in 6.7% formamide (Fig. 
18) dropped more when the enzyme was assayed with amylo­
dextrin. These results, taken along with those presented 
in Fig. 17. indicate that the form of enzyme possessing 
enzymic activity after incubation with formamide is the 
monomer of N^BH^-reduced phosphorylase _b. 
Kinetic studies were carried out to define further the 
effects of formamide on the properties of N^BH^-reduced 
phosphorylase Double reciprocal plots with respect to 
glucose—1—P and glycogen are presented in Fig. 19. and 
Fig. 20. Fig. 19. Shows that in the presence of 6.7% for­
mamide» the affinity of the enzyme toward glucose-l-P, as 
well as the decreased more than treefold. Fig. 20. 
shows that formamide reduces the affinity of the enzyme 
for glycogen fivefold and the two and one-half fold. 
These results demonstrate that both the catalytic potential 
and substrate affinities are reduced markedly by formamide. 
More interesting results were observed when kinetics 
Fig. 18. Effect of formamide on enzymic activity of 
NaBH^-reduced phosphorylase 
Enzyme was incubated in 80mM glycerol-p-
60mM B-mercaptoethanol and 6.7% formamide 
(pH 6.2). At various times, aliquots were 
removed and tested for enzymic activity 
with 0.9% amylodextrin, 30mM glucose-l-P, 
ImM AMP and 6.7% formamide. 
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were done with respect to AMP for NaBH^-reduced phosphorylase 
_b in the presence of formamide. Because it is known that 
cooperativity seen with respect to AMP is due to site-site 
interactions present in the dimer (38), no cooperativity 
should be seen if the enzyme is completely monomeric in for­
mamide. The data illustrated in Fig. 21. show that cooper­
ativity is abolished after NaBH^—reduced phosphorylase b is 
incubated with formamide. The fact that Michaelis-Menten 
kinetics were observed eliminates the presence of a normal 
type dimer. A dimer in which the monomeric units acted in­
dependently would also give this result. Kinetics also were 
done with respect to AMP with native phosphorylase h as its 
activity is changed by formamide, but no dissociation occurs. 
These results (Fig. 22) show that homotropic interactions 
still occur with respect to AMP and do not seem to be changed 
by this concentration of formamide. Because formamide does 
not desensitize the homotropic interactions of native phos­
phorylase h for AMP and the Michaelis-Menten kinetics are 
seen with respect to AMP, the data of Fig. 21 further in­
dicate the presence of an active monomer. 
The change of activity of NàBH^—reduced phosphorylase b 
by formamide could alter the binding site of pyridoxal—5.*— 
phosphate in phosphorylase. Johnson et al.(22) reported 
that, at pH 7.0, enzyme-bound pyridoxal phosphate shows 
essentially no absorbance at 333 nm whereas pyridoxal 
Fig. 19. Kinetics of formamide inactivated NaBH^-
reduced phosphorylase b with respect to 
glucose-l-P. 
Enzyme was preincubated at 24° for 1 hour in 
80mM glycerol-P-60mM 3-inercaptoethanol (pH 6.2) 
in the presence and absence of 6.7% formamide. 
reactions were initiated by addition of enzyme 
to 1% glycogen, ImM AMP and variable concen­
trations of glucose-l-P. Open circles (0) 
incubation and assay in the presence of 6.7% 
formamide; open triangles (^) no additions 
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Fig. 20. Kinetics of formamide inactivated NaBH^-
reduced phosphorylase ^  with respect to 
glycogen. 
Enzyme was preincubated at 24° for 1 hour 
in 80mM glycerol--P-60raM B-mercaptoethanol 
(pH 6.2) in the presence and absence of 
6.7% formamide. Reactions were initiated 
by addition of enzyme to 30mM glucose—1—p, 
ImM AMP and variable concentrations of 
glycogen. Open circles (0) incubation 
and assay in the presence of 6.7% formamide; 
open triangles (A) no additions 
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Kinetics of formaraide inactivation with 
respect to AMP for NaBH^-reduced phosphory-
lase b. 
Enzyme (4 mg/ml) was preincubated at 24° for 
1 hour in 80mM glycerol-p-60mM g-mercapto-
ethanol (pH 6.2) in the presence and absence 
of 6.7% formamide. Reactions were initiated 
by addition of enzyme to 0,4% glycogen, 30raM 
glucose-l-p and variable concentrations of 
AMP. Closed circles (0) assay in the pres­
ence of 6.7% formamide; open circles (0) 
no additions. 
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Fig. 22. Effect of formamide on the reciprocal plots 
for AMP activation of native phosphorylase 
Enzyme (4 mg/ml) was incubated in 80mM 
glycerol-P-60mM g-mercaptoethanol (pH 6.2) 
in the presence and absence of 6.7% formamide. 
assay was done as in Fig. 21. (A) assay in 
the presence of 6.7% formamide; (B) no 
additions. 
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phosphate in the native enzymes absorbs at this wavelength; 
absorption at 333 nm, however, appears upon lowering the pH 
or by addition of guanidine HCl. They also reported that the 
333 nm band at low pH (hidden band) in the NaBH^-reduced phos-
phorylase _b is optically active. Fig. 23. shows the UV 
spectrum of NgBH^-reduced phosphorylase ^  in the presence 
and absence of 1% formamide at pH 6.2. In the absence-of 
formamide, the absorbance at 333 nm was 0.125, Upon addition 
of formamide, a rapid increase of 333 nm absorbance is ob­
served followed by a slower process which results in an 
absorbance of 333 nm with a value of 0.245. CD studies of 
NaBH^-reduced phosphorylase ^  were carried out to test the 
validity of the concept that the increase of 333 nm absorb­
ance induced by formamide is due to the decrease of 28 7 nm 
absorbance. Fig. 24. illustrates the effect of 7% forrtiamide 
on the CD spectrum of NaBH^-reduced phosphorylase _b. In the 
absence of formamide, essentially no absorbance at 333 nm 
but an absorbance of 1.15 centered at 28 7 nm was observed. 
Addition of formamide caused a 333 nm increase and a de­
crease in absorbance at 28 7 nm. However, this transformation 
between 285 nm and 333 nm could not be demonstrated in native 
phosphorylase This spectral transformation could be 
interpreted as an interconversion between two protein con­
formations and formamide would bind more tightly to the con­
formation represented by the 333 nm form of NaBH^-reduced 
phosphorylase b. Further support for this interpretation is 
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the fact the spectral changes do not occur instantaneously. 
Fig. 25- shows that the increase in absorbance of 333 nm 
induced by formamide occurs slowly and appears to be 
comprised of two first-order processes with ti of 50 sec. 
and t^ of 321 sec. respectively. In the presence of 
formamide, simixar kinetic patterns were observed for 
either loss of enzymic activity or increase of 333 nm 
absorbance. These results suggest that change of 333 nm 
absorbance might play a role for enzymic inactivation 
induced by formamide. 
Fig. 23. UV spectrum of NaBH^-reduced phosphorylase 
_b in the presence and absence of 6.7% 
formamide at pH 6.2. 
Lower curve, enzyme (8 mg/ml) in 40mM-glycerol— 
P—30mM B-mercaptoethanol. Upper curve, enzyme 
(8 mg/ml) in 40mM-glycerol-P-30mM 6-mercapto-
ethanol and 5.7% formamide. 
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Fig. 24. CD of NaBH^-reduced phosphorylase ^  in the 
presence and absence of 6.7% formarnide at 
pH 6.2. 
Solid line, enzyme (2.5 mg/ml) in 50mM gly-
cerol-P-lmM EDTA. Dotted line, enzyme 
(2.6 mg/ml) in 50mM glycerol-p-lmM EDTA and 
6.7% formarnide. 
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Fig. 25. Plot of log (OD^^-OD^) Y5, time in the 
presence of 6.7% formamide. 
Reduced phosphorylase b (13 mg/ml) in 40mM 
glycerol—P—30mM 3—mercaptoethanol at pH 6.0. 
Formamide was added at a final concentration 
of 6.7% to initiate the reaction. The reac" 
tion was at 20° and was followed by spectral 
changes at 333nm, The data were treated by 
the following method: (a) The latter, slower 
process was linearly extrapolated to zero 
time. (b) The values corresponding to this 
slow process at any time (t) were then obtained 
the faster rate process which is plotted in the 
lower portion of the figure. 
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DISCUSSION 
Spectral Properties 
One way to study the microscopic environment and the 
ionization state of bound-PLP in NaBH^-reduced phosphorylase 
is through model compound studies. Study with NaBH^-reduced 
n-butyl-pyridoxamine represents an attempt to substantiate 
the hypothesis that environment around bound-PLP is hydro­
phobic (22). 
Based on model compounds, Kent (39) proposed that the 
333 nm form in native phosphorylase has a zwitterionic 
structure (Scheme II, a). Reduced phosphorylase ^  does not 
show this absorbance at neutral pH. From spectral studies, 
Johnson et al.(22) suggested a structure to explain this 
lack of absorbance at 333 nm. It was proposed that at 
neutral pH, bound-PLP exists as a neutral tautomer (Scheme 
II, d). Upon acidifications, an enzyme conformational change 
could then bring this species into contact with a more polar 
environment, which results in the formation of a dipolar ion 
(Scheme II, e). By studying the spectrum of pyridoxamine 
in methanol solution, Matsushim.a and Kartell (40) also 
postulated that neutral tautomer should absorb around 290 nm. 
The results presented in Fig. 4. show that PPB does not 
show a 333 nm absorbance in 100% DM50. This experiment 
strongly suggests that the microscopic environment around 
the bound-PLP would have to be less polar than water in 
54 
333 nm 
W 
4l5-420mm 
1 d. 1 e. 
NM NM 
\ \ 
290mm 
333 nm 
Scheme II. Structurai formulas for enzyme-bOund PLP 
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order for the neutral tautomer species to be favored over 
the dipolar species found in aqueous solution. 
Numerous studies have been done in attempt to evaluate 
the type of functional groups of phosphorylase participating 
in the catalytic process, substrate binding and conforma­
tional change. A comparison of appphosphorylase reconsti­
tuted with pyridoxal-5•-phosphate or 5'-deoxypyridoxal by 
Kastenschmidt et al»(41) raised the possibilities that 5'-
phosphate may not only be important for catalytic activity 
but also have a role in dictating enzyme conformation. The 
involvement of the imidazole group of a histidine residue 
in a conformational transition was suggested by Holo e^ al» 
(42, 43, 44) from their pH kinetic studies with potato 
phosphorylase. In Fig. 5. titration curve of reduced 
phosphorylase _b showed a group with pK^ approximately 6.1 
which is similar to that reported by Cortijo and Shaltiel 
(36). With a pyridoxal derivative that does not contain a 
phosphoryl group (CMDPL) or PMPA reduced to phosphorylase, 
titration curves have pK^'s of around 6.4. Therefore, the 
spectral transition does not appear directly related to the 
ionization of the phosphoryl group of PLP. 
It is possible that the group that is titrated in 
NgBH^-reduced phosphorylase _b could be linked to the ioni­
zation of some functional groups of PLP. It was found that 
the pK^ for the HgP= H^P transition of the model compound was 
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raised slightly from 3.45 to 4.8, when the PPB was titrated 
in the less polar solvent, formamide-water mixture, rather 
than the pure aqueous solution.* This pK^ could be even 
shifted to a higher value if PPB would be titrated in some 
condition which truly resembles the hydrophobic environment 
around the bound-PLP in N^BH^-reduced phosphorylase h. 
Alternatively the ionization could be due to some amino acid 
residue in the protein such as histidyl or a c&rboxyl group. 
Chemical evidence is needed to distinguish the various 
cases. 
Association-Dissociation Properties 
An important unanswered question for many enzymes that 
possess quaternary structure is whether the individual 
monomeric units are active only when bound together in an 
oligomer, or whether they may show activity as dissociated 
protomers. The question is important because an answer can 
provide us with further information about the nature of 
conformational changes that occur when protein subunits 
interact. Glycogen phosphorylase _a as isolated is obtained 
as a tetramer of 400,000 (16) and is composed of identical 
subunits. This form was presumed to be the catalytically 
active species of phosphorylase until it was demonstrated 
that enzymic activity expressed under ordinary assay 
$ 
Tu, J. I., unpublished results which were collabo­
rated with the group of Dr. D. E. Metzler at Iowa State 
University, 
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conditions was due to dissociation a dimer (23, 26, 27, 21). 
Kinetic, light scattering and gel filtration experiments 
support the view that both the tetramer and dimer are active 
but differ in catalytic properties. The activity of the 
monomer of phosphorylase ^  is uncertain and is the subject 
of this report. 
Feldman et al.(45) reported that either phosphorylase 
^or b_ could be covalently bound to Sepharose and that, in 
this state, enzymes were active but less so than the free 
enzymes in solution. Phosphorylase after treatment amd 
removal of sodium dodecyl sulfate, is bound as the mono-
meric form of the enzyme and may be active up to 3% of that 
of the dimer. Our studies also suggest that rhe monomeric 
form in solution is less active but can be 15-30% as active 
as the dimer depending upon the polysaccharide primer used. 
One reason for our results compared with those of Feldman 
et al.(45) could be due to the differences of the properties 
of phosphorylase when bound on an insoluble support in com­
parison with the enzyme in solution. Bound phosphorylase 
is less active and does not show homotropic interactions 
for AMP (42). The Kinetic parameters for glucose-l-P and 
AMP for the free and immobilized enzyme, however, are 
remarkably similar. No kinetic data were provided for 
polysaccharide. Our results show that the K^'s of N^BH^-
reduced phosphorylase for substrate and activator are 
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changed by formamide, which dissociates the enzyme. Per­
centages of activities reported by us are at near saturation 
levels for substrates and activator. It is not clear whether 
this is true for bound phosphorylase since no kinetic data 
was presented for the monomer. 
In our work it was important to determine whether sub­
strates and activator reverse the dissociation process. No 
effect was seen by AMP and glucose-l-P on ultracentrifugal 
patterns. Glycogen could not be tested directly because of 
its high molecular weight but reassociation due to glycogen 
was assumed unlikely since it had no effect on the rate or 
extent of inactivation of NaBH^-reduced phosphorylase ^  in 
formamide. The difficulty associated with a direct test was 
overcome by the use of an alternative substrate, amylodextrin 
DPgy. The fact that it is a poorer substrate allowed a 
direct comparison of ultracentrifugal experiments with 
enzyme assays. As illustrated in Fig. 17 no reassociation 
was detected, and the enzyme was active up to 15% of the 
dimer. Thus we conclude that the monomer is less active 
than the dimer but somewhat more active than that suggested 
by Feldman et al»(45). 
The contribution that different noncovalent interactions 
(ionic, hydrogen bonding, hydrophobic) make to the stabiliza­
tion of protein molecules is difficult to assess. Herskovits 
et al»(46) reported that the effectiveness of alcohols, as 
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protein dénaturants, increases with increasing chain length. 
These results were interpreted in terms of the known three 
dimensional structures of the protein investigated and were 
in conformance with what is expected from a disorganization 
of the hydrophobic interior of these molecules (46). 
In order to gain some insight on the nature of forces 
involved in the dimer == monomer equilibrium of 
reduced phosphorylase the effect of two solvents on the 
subunit structure was examined. Table I shows that the 
extent of dissociation of phosphorylase seems to increase 
with an increase in the hydrocarbon chain length of the 
amide. Also, the extent of dissociation is greater at 5° 
than at 23". These preliminary results suggest that hydro­
phobic interactions are important in the stabilization of a 
dimer of N^BH^-reduced phosphorylase No effect of 
formamide was detected on the subunit structure of native 
phosphorylase b, suggesting that the stabilization of its 
dimeric structure involves more extensive hydrophobic 
interactions and Cor) different types of bonding. 
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TABLE I 
Solvent effect on ultracentrifugal patterns 
of NaBH^-reduced phosphorylase ^  
Monomer-Dimer Equilibrium 
Solvent Concentration 
5° C 23° C 
GJ 0.75 M 50% Monomer 20% Monomer 
•H 
s (0 
E 1.1 M 90% Monomer 30% Monomer 
O 
k 
(1) 
-o 
•r-l 
0.75 M 90% Monomer 20% Monomer 
Ê (d 
c 
100% Monomer 40% Monomer 0 1.1 M 
a 
0 
w 04 
1 
2 
3 
4 
5, 
5, 
7. 
8 .  
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
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SUMMARY 
A model compound, N(5'-phosphopyridoxy)-n-butylamine 
which resembles the bound-PLP in N^BH^-reduced phosphory-
lase b was synthesized, pKa's of this compound have been 
determined by spectrophotometry (pK^ = 3.45, pK2 = 8.5, 
pK^ = 10.8). Studies with this model compound further 
support the hypothesis that the microscopic environment 
around'bound-PLP in reduced phosphorylase is highly hydro­
phobic. The titration curve of N^BH^-reduced phosphory­
lase b has been analyzed and compared with those of reduced 
analogs in order to determine the contribution of functional 
groups to the spectral change. Titration of reduced 
phosphorylase ^ (I) shows a mid-point of approximately 6.1 
and curve is best fit by a simultaneous dissociation of two 
protons. With carboxymethy—5'-deoxypyridoxal or 5-(4-
formyl-3-hydroxy-2-methyl) pyridylmethyl-phosphoric acid 
reduced to phosphorylase, forms (II) and (III), titration 
curves are monotonie and have pKa*s of approximately 6.4. 
Spectral change, therefore, does not appear directly related 
to the ionization of the phosphoryl group of PLP. Ultra— 
centrifugation of enzyme (II) and enzyme (III) shows that 
considerable dissociation of these species occurs at pH 6.0 
suggesting that subunit interactions could be important for 
cooperativity seen in titration of enzyme (I). Sodium 
borohydride-reduced phosphorlase b dissociates completely 
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to a monomeric form in 6.7% formamide, as determined by 
sedimentation velocity and equilibrium mathods. No dis­
sociation of the native enzyme occurs under these same condi­
tions. A slow inactivation of N^BH^-reduced phosphorylase b 
occurs in formamide, and the degree of inactivation in 
different formamide concentration seems related to the extent 
of dissociation. Removal of formamide by dialysis restores 
the enzymic activity and subunit structure. Results of 
several experiments suggest that the monomeric form is 
catalytically active. Approximately 30-percent activity 
remains after 1 hour of incubation in 6.7% formamide. After 
this stage, little change of enzymic activity occurs even 
after 7 hours of incubation. After 1 hour, sedimentation 
velocity experiments show that a single component is present 
with an S^Q ^ of 5.6 S, indicating that dissociation is 
complete at this time. No change is was observed in 
y w 
the presence of substrates, glucose—1-p, amylodextrin, and 
activator, AMP, indicating that reassociation of the monomer 
does not occur under conditions that closely approximate 
those used in the assay. Kinetic studies showed that the 
affinities of the enzyme with respect to its substrates and 
activator were reduced markedly by formamide. No homotropic 
interactions were seen with respect to AMP for the reduced 
enzyme incubated in formamide, further indicating the 
presence of an active monomer. Formamide affects the 
65 
spectral properties of enzyme-bound pyridoxal phosphate in 
N^BH^-reduced phcsphorylase b. The forces which are im­
portant for stabilization of the dimer of reduced phos-
phorylaze ^  were also studied in this work. 
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